. Purpose: Physical activity (PA) is important in the prevention of Type 2 diabetes, yet little is known about the role of specific dimensions of PA, including sedentary time in subgroups at risk for impaired glucose metabolism (IGM). We applied a data-driven decision tool to identify dimensions of PA associated with IGM across age, sex, and body mass index (BMI) groups. Methods: This cross-sectional study included 1501 individuals (mean (SD) age, 65.6 (6.8) yr) at high risk for Type 2 diabetes from the ADDITION-PRO study. PA was measured by an individually calibrated combined accelerometer and heart rate monitor worn for 7 d. PA energy expenditure, time spent in different activity intensities, bout duration, and sedentary time were considered determinants of IGM together with age, sex, and BMI. Decision tree analysis was applied to identify subgroup-specific dimensions of PA associated with IGM. IGM was based on oral glucose tolerance test results and defined as a fasting plasma glucose level of Q6.1 mmolIL j1 and/or a 2-h plasma glucose level of Q7.8 mmolIL . Results: Among overweight (BMI Q25 kgIm j2 ) men, accumulating less than 30 minId j1 of moderate-tovigorous PA was associated with IGM, whereas among overweight women, sedentary time was associated with IGM. Among individuals older than 53 yr with normal weight (BMI G25 kgIm j2 ), time spent in light PA was associated with IGM. None of the dimensions of PA were associated with IGM among individuals e53 yr of age with normal weight. Conclusions: We identified subgroups in which different activity dimensions were associated with IGM. Methodology and results from this study may suggest a preliminary step toward the goal of tailoring and targeting PA interventions aimed at Type 2 diabetes prevention. Key Words: DECISION TREE ANALYSIS, TYPE 2 DIABETES PREVENTION, EPIDEMIOLOGY, COMBINED ACCELEROMETERY AND HEART RATE MONITORING P hysical activity (PA) can effectively decrease Type 2 diabetes risk in high-risk individuals (29). Thus, enhancing PA has long been presented as an effective approach for preventing the transition from a state of impaired glucose metabolism (IGM) to overt Type 2 diabetes. Several dimensions related to the type, volume, intensity, duration, frequency, and bout duration of PA have been suggested to be of relevance for reducing risk of Type 2 diabetes (1,31). However, which dimension of PA to target and whether this differs in subgroups of individuals remain to be fully explored. This is, in part, because epidemiological studies examining the effect of PA and sedentary behavior on health have tended to focus on self-reported measures (3). However, these are prone to bias, have poor levels of validity (35), and do not accurately quantify all dimensions of PA in daily living (37). Although more recent studies using objective measures of PA and sedentary behavior have been reported, the emphasis has mainly been on assessing main effects applying to the total population of interest, whereas little attention, if any, has been paid to subgroup differences. PA dimensions that only apply to a small subgroup may not show significant effect on a population level and could therefore be missed. None of the commonly used statistical approaches automatically account for potential modifying effects of other factors, for example, age, sex, and obesity on the associations between dimensions of PA, sedentary behavior, and the health outcome being studied. Any complex higher-order interactions between risk factors, or potential
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. Results: Among overweight (BMI Q25 kgIm j2 ) men, accumulating less than 30 minId j1 of moderate-tovigorous PA was associated with IGM, whereas among overweight women, sedentary time was associated with IGM. Among individuals older than 53 yr with normal weight (BMI G25 kgIm j2 ), time spent in light PA was associated with IGM. None of the dimensions of PA were associated with IGM among individuals e53 yr of age with normal weight. Conclusions: We identified subgroups in which different activity dimensions were associated with IGM. Methodology and results from this study may suggest a preliminary step toward the goal of tailoring and targeting PA interventions aimed at Type 2 diabetes prevention. Key Words: DECISION TREE ANALYSIS, TYPE 2 DIABETES PREVENTION, EPIDEMIOLOGY, COMBINED ACCELEROMETERY AND HEART RATE MONITORING P hysical activity (PA) can effectively decrease Type 2 diabetes risk in high-risk individuals (29) . Thus, enhancing PA has long been presented as an effective approach for preventing the transition from a state of impaired glucose metabolism (IGM) to overt Type 2 diabetes. Several dimensions related to the type, volume, intensity, duration, frequency, and bout duration of PA have been suggested to be of relevance for reducing risk of Type 2 diabetes (1, 31) . However, which dimension of PA to target and whether this differs in subgroups of individuals remain to be fully explored. This is, in part, because epidemiological studies examining the effect of PA and sedentary behavior on health have tended to focus on self-reported measures (3) . However, these are prone to bias, have poor levels of validity (35) , and do not accurately quantify all dimensions of PA in daily living (37) . Although more recent studies using objective measures of PA and sedentary behavior have been reported, the emphasis has mainly been on assessing main effects applying to the total population of interest, whereas little attention, if any, has been paid to subgroup differences. PA dimensions that only apply to a small subgroup may not show significant effect on a population level and could therefore be missed. None of the commonly used statistical approaches automatically account for potential modifying effects of other factors, for example, age, sex, and obesity on the associations between dimensions of PA, sedentary behavior, and the health outcome being studied. Any complex higher-order interactions between risk factors, or potential nonlinearity or threshold effect of a risk factor on the outcome of interest need to be prespecified in conventional regression techniques (including linear and logistic regression models). Because current PA guidelines are developed from conventional regression model results, they are geared toward the typical/average member of the population, without consideration of population subgroups. This is an important limitation because public health recommendations and policies specify that chronic disease prevention strategies should include targeted interventions aimed at the identification and management of high-risk individuals (11, 34) . Therefore, we need a better understanding of different dimensions of PA and sedentary behavior in individuals with high risk of Type 2 diabetes to efficiently design PA intervention programs.
Decision tree analysis is a data-driven methodology with the ability to examine how a set of risk factors jointly influences the risk of an outcome such as IGM. The complex interplay among established risk/protective factors may reveal relationships that would otherwise not have been detected with the use of conventional methods such as comparisons of means and regression models (9, 41) . Despite its potential, within the PA literature, decision tree analysis has to date been infrequently applied. Thus, in a decision tree analysis of the ADDITION-PRO study, we aimed to explore if different dimensions of objectively measured free-living PA, including sedentary time, are differently associated with IGM in subgroups of individuals at risk for Type 2 diabetes.
MATERIALS AND METHODS

Study Sample
We used data from the ADDITION-PRO study, an observational, prospective, population-based cohort study. The ADDITION-PRO participants were recruited from the Danish arm of the ADDITION-Europe study (ADDITION-DK), a stepwise screening program for Type 2 diabetes conducted in a defined high-risk group in primary care (30) . The ADDITIONEurope study addresses the feasibility of population-based screening for Type 2 diabetes, as well as the benefits and costs of screening and intensive multifactorial treatment early in the disease trajectory. The ADDITION-PRO study was the followup health examination of individuals without Type 2 diabetes at screening in ADDITION-DK but with stratified levels of Type 2 diabetes risk defined by the screening procedure in ADDITION-DK. The ADDITION-PRO study aims to quantify Type 2 diabetes progression rates and to examine early markers of cardiovascular disease (CVD) and microvascular diabetic complications as well as the mechanisms that underlie and drive early changes in cardiometabolic physiology. The rationale, methods, and definition of diabetes risk groups have been described previously (28) .
The present study included cross-sectional data from 2082 participants who completed the baseline examination between 2009 and 2011. Only participants with a minimum of 48 h of valid PA data were considered for the present analysis. After excluding participants without PA measurement (n = 238), who had less than 48 h of combined monitor wear time (n = 16), who had developed Type 2 diabetes since screening (n = 336), who did not fast a minimum of 8 h before the oral glucose tolerance test (n = 11), or whose oral glucose tolerance test was unclassified because of missing blood samples (n = 19), a total of 1501 participants were included in the present analyses.
The ADDITION-PRO study was approved by the ethics committee of the Central Denmark Region (Reference No. 20080229) and was conducted in accordance with the Helsinki Declaration. All participants provided oral and written informed consent before participating in the ADDITION-PRO study.
Measurements
General information and body mass index. Information on age and sex was obtained from the unique Danish civil registration number. At the health assessment, height was measured without shoes to the nearest millimeter using a stadiometer (Seca, Hamburg, Germany). Participants were weighed in light clothes without shoes using a body composition analyzer (Tanita, Tokyo, Japan). Weight was measured to the nearest 0.1 kg and clothes were estimated to weigh 0.5 kg, which was deducted from the participants_ total weight.
Glucose metabolism status. To determine glucose metabolism status, all participants without known diabetes underwent a standard oral glucose tolerance test (75-g glucose dissolved in 250-mL water) after 8 h of fasting (28) . Blood samples were drawn before and 30 and 120 min after glucose intake. Plasma glucose levels were assessed using the Hitachi 912 system (Roche Diagnostics, Mannheim, Germany) or the Vitros 5600 integrated system (Ortho Clinical Diagnostic, Illkirch Cedex, France). All ''Vitros'' values were converted to correspond to ''Hitachi'' values using regression equations from validation analyses performed by the study laboratory (see Table, . Normal glucose metabolism (NGM) was defined as a fasting plasma glucose level of G6.1 mmolIL j1 and a 2-h plasma glucose level of G7.8 mmolIL j1 (40). PA and sedentary time. Free-living PA was measured using a combined accelerometer and heart rate monitor (ActiHeart, CamNTech, Cambridge, UK) worn continuously for 7 d (5). The monitor measures uniaxial acceleration and heart rate independently. The monitor was placed horizontally on the participant_s chest with two standard electrocardiogram electrodes (Maxensor, Alton, UK). On the day of the health examination, an 8-min submaximal step test was performed to account for individual variations in heart rate to PA intensity, as described previously (6) . Participants who were physically impaired or had certain cardiovascular conditions, for example, angina pectoris, were excluded from the step test. On the basis of 1046 ADDITION-PRO participants with a valid step test, a ''group calibration'' based on regression coefficients from the heart rate-to-PA energy expenditure (PAEE) relationship was derived. This group calibration was then used for participants who did not perform the submaximal step test, including information on sex, age, and sleeping heart rate of the individual. A full description of the processing of accelerometer data and heart rate measures from the combined monitor is available elsewhere (4, 7, 36) . Briefly, heart rate data were preprocessed using a two-stage Gaussian Process Robust regression to de-noise the heart rate signal according to the method described by Stegle et al. (36) . The procedure works well for dealing with noise when the sensor is worn and, owing to the short-term covariance function, also for brief periods of missing data (e.g., electrode changes). Nonwear periods were identified using the Bayesian uncertainty estimate from the Gaussian Process Robust regression in combination with extended periods of zero movement (i.e., if also accompanied by nonphysiological heart rate data). Such segments are probabilistically marked as nonwear if longer than 90 min, which is taken into account when the time series are summarized into average daily estimates using adjustment for diurnal bias (i.e., weighting all hours of the day equally in the summation) (8) . PAEE (kJIkg j1 Id j1 ) was calculated by time integration of the activity intensity time series, estimated from heart rate and acceleration in a branched equation modeling framework (4, 6) . The time distribution of activity intensity was described by summarizing the intensity time series in standard metabolic equivalents (METs) within 25 narrowly defined intensity categories. For tabulation purposes, these categories were later collapsed into broader intensity categories as sedentary (e1.5 METs), lightintensity PA (LPA; 1.5-3 METs), moderate-intensity PA (3-6 METs), and vigorous-intensity PA (VPA; 96 METs). To indicate the degree of activity accumulation occurring in bouts, time spent in continuous bouts of moderate-tovigorous PA (MVPA) lasting Q10 min was also derived. We used a fixed value of 20.35 JImL j1 O 2 Â 3.5 mL O 2 Imin j1 Ikg j1 to define 1.0 MET. The broader MET thresholds used have been commonly applied when investigating PA in adults.
Awake sedentary time (SED-time) and sleep are difficult to distinguish from one another solely on the basis of heart rate and acceleration data. Therefore, to assist separation of sleep and SED-time, participants were asked to report the times that they went to bed and got up in a sleep diary while wearing the ActiHeart monitor. This self-reported information was fused with the combined heart rate and movement time-series plot to locate a region of interest within which to identify objective markers of sleep onset (considered the beginning of prolonged minimal movement accompanied by a decline in heart rate) and termination (movement initiation together with an abrupt increase in heart rate). All activity plots were inspected by researchers while blinded to all other participant characteristics. Every occurrence of time spent e1.5 METs was given either a sleep or SED-time while awake score depending on whether the activity fell within or outside a designated sleep phase.
PA level (PAL) was estimated as the ratio between total energy expenditure (PAEE + predicted resting metabolic rate + thermic effect of food) and predicted resting metabolic rate. The predicted resting metabolic rate was estimated using the Oxford 2005 equation (24), and the thermic effect of food accounted for 10% of the total energy expenditure (39) .
Statistical Analysis
Descriptive characteristics of the study sample by glucose metabolism status were summarized as medians with interquartile ranges (IQR) or as numbers and percentages. Skewed data were logarithmically transformed to fulfill the requirement of normal distribution of the residuals before analysis. Differences between NGM and IGM groups in arithmetic and geometric means for normally distributed and skewed data, respectively, were assessed using independent-sample t-test, whereas chisquare test was used to assess differences in categorical data.
Decision tree modeling of data from the ADDITION-PRO population was performed to explore, describe, and visualize the potential impact of different PA dimensions and SED-time as determinants of IGM, along with age, sex, and body mass index (BMI). The decision tree model allows for the identification of the strongest dimensions of PA and SED-time as determinants of IGM in different subgroups. Decision tree models were generated by repeated binary partitioning of the population on the basis of a set of determinants, such that the participants in the subsets called ''nodes'' are increasingly more homogenous within those nodes further down the tree. For each node, the risk factor and split in this factor, which maximizes discrimination, are identified. In our study, the optimal splits are the ones that give the maximal difference in prevalence of IGM between the two resulting subgroups. Splitting stops when the participants in a node are either entirely or almost entirely of the same class, or when further splitting does not improve discrimination between participants. Furthermore, we set an a priori requirement of at least 20 observations in each subset node in order for further splitting to be considered. When a node cannot be split any further, that subgroup is labeled as a terminal ''leaf'' in the tree. The final set of terminal leaves comprise subgroups in the study population, characterized by a different sequence of classifications by the determinants included in the final decision tree (9, 41) .
The following dimensions of PA were considered as determinants. All have been suggested in the literature to be associated with risk of Type 2 diabetes: (a) overall PA volume expressed as PAEE, (b) LPA, (c) MVPA, (d) MVPA accumulated in bouts of Q10 min, and (e) VPA. In addition, two variables were computed as categorical variables of meeting the Danish MVPA guidelines (14) All statistical analyses were performed using the statistical software package R version 3.2.0. The Decision tree model was programmed using the package ''party'' 1.0-25 (26) .
RESULTS
Clinical and PA Characteristics in Participants with NGM and IGM
The overall study population consisted of 1501 participants with a median (IQR) age of 66.2 (61.9, 71.3) yr, 53.6% of whom were men. A total of 785 (52.3%) participants had NGM and 716 (47.7%) had IGM (Table 1) . Participants with IGM were more often men, smokers, and unemployed and had a higher alcohol intake. The IGM participants had an unfavorable metabolic profile and more prevalent use of antihypertensive and lipidlowering drugs compared with the NGM participants.
The average ActiHeart wear time in the study population equaled to 156 h, corresponding to 6.4 d. Eighty-one percent of the study population had 6 or more days of wear time. The average time awake was 17 hId j1 . Overall, participants with NGM were more physically active and less sedentary, whereas the lowest levels of PA and highest levels of SEDtime were found among the IGM participants (Table 1) . A significantly larger proportion of NGM participants reached the MVPA guideline threshold of at least 30 min of MVPA per day. Individuals with NGM also accumulated more time in continuous bouts of MVPA lasting Q10 min. Both NGM and IGM groups had a low proportion of individuals who met either the criteria of MVPA guidelines of a minimum of 30 min of MVPA (bouted or not).
Decision Tree Analysis
The final decision tree contained seven distinct terminal leaves (i.e., subgroups; Fig. 1 ). The six determinants that were retained as the most important for discriminating IGM status were in the following order: BMI, sex, age, reaching MVPA guideline, SED-time, and LPA.
The strongest determinant was BMI, which formed the first split and divided the study sample into two branches (BMI Q25 kgIm j2 , n = 1031; BMI G25 kgIm j2 , n = 470). Among overweight (BMI Q25 kgIm j2 ) participants, the next split was by sex. In overweight men, accumulating at least 30 min of MVPA per day was associated with a lower risk of having IGM. The prevalence of IGM was 56% among overweight men who engaged in Q30 min of MVPA daily (subgroup 1, n = 433), whereas the prevalence was 68% in those who engaged in less than 30 min of MVPA daily (subgroup 2, n = 172). SED-time was associated with IGM among overweight women only and with an optimal split in SED-time at 13 h. Participants who spent e13 h sedentary while awake daily had an IGM prevalence of 43% (subgroup 3, n = 285) and those with 913 hId j1 had a prevalence of 62% (subgroup 4, n = 285). The differential effect of these two dimensions of PA indicates significant high-order interactions between BMI, sex, and PA measures. In the subset branch of participants with normal weight (BMI G25 kgIm j2 ), LPA was only significantly associated with IGM among participants older than 53 yr, again indicating a significant interaction effect between age and time spent in LPA. The prevalence of IGM was 30% in the subgroup defined by age 953 yr and 92 h spent in LPA daily (subgroup 6, n = 57), whereas the prevalence was 52% among those spending G2 h in LPA daily (subgroup 7, n = 373). None of the dimensions of PA or SED-time were associated with IGM in individuals e53 yr of age with normal weight (subgroup 5, n = 40). In this subgroup, the prevalence of IGM was 10%.
The pairs plot showed a clear correlation tendency between all the PA dimensions plot (see Figure 1 , Supplemental Digital Content 2, Pairs plot showing a clear correlation tendency between all the physical activity dimensions, http://links.lww.com/ MSS/A978). In the sensitivity analysis, the final tree remained unchanged when PAEE was left out in the model. No other dimension was selected among the overweight men when MVPA was left out of the model. However, when SED-time or LPA was alternately left out of the model, PAEE was retained in their place, respectively. This implies a strong correlation between PAEE and LPA and SED-time, respectively (see Figure 2 
DISCUSSION
We applied a novel methodology, decision tree analysis, as a way to explore and assess the importance of different dimensions of PA, SED-time, and personal characteristics in relation to IGM in a population at high risk for developing Type 2 diabetes. Such information may improve the design of tailored PA interventions for the prevention of Type 2 diabetes.
Our decision tree analysis suggests that different dimensions of PA are important for glucose metabolism in individuals of different ages, sexes, and obesity levels. Our results provide support for a number of PA dimensions and SED-time that have previously been found to be associated with IGM. In contrast to our observations, most studies to date have identified only main effect predictors, implicitly assuming that these apply to the same extent to all individuals. The present study extends upon and broadens these findings by applying a data-driven approach to objectively measured PA data to understand the potential impact of multiple dimensions of free-living activity most strongly associated with IGM in subgroups with different sex, age, and obesity characteristics. Our novel methodological approach makes a direct comparison with other studies challenging. Nevertheless, our findings confirm and extend previous prospective and cross-sectional studies examining the associations of dimensions of PA and SED-time with IGM and hence future Type 2 diabetes risk (22) .
Physical inactivity and obesity are key modifiable determinants of Type 2 diabetes (19) . One role of PA in the modulation of Type 2 diabetes risk is through the prevention of obesity. However, PA influences Type 2 diabetes risk both in the presence and in the absence of obesity through a direct effect on insulin sensitivity (32) . Among the modeled determinants in this study, BMI, albeit a crude marker of obesity, was the strongest determinant of IGM because it was the first to form a split in the study population. Among the emerged subset of overweight men, meeting Danish PA guidelines of Q30 minId j1 of MVPA regardless of bout duration was found to be inversely associated with IGM. The American College of Sports Medicine recommends adults who are overweight or obese to perform at least 30 min of at least MVPA on 5 or more days a week even if they do not lose weight as a result, because PA can bring other health benefits such as reduced risk of Type 2 diabetes (17) .
Only a few studies have investigated the potential of LPA as an intervention target in populations at high risk for Type 2 diabetes. One study found that objectively measured LPA was inversely associated with 2-h plasma glucose independently of MVPA in adults (mean age, 53.4 yr) (20) . This is in contrast to a recent systematic review of 33 intervention studies that examined the effects of LPA on CVD risk factors including markers of glucose metabolism in adults. No consistent evidence that LPA is effective at improving any CVD risk factors was found (2). However, it should be noted that participants studied were primarily young adults (age, 18-39 yr). Also, the used doses of LPA were small (ranged from an acute bout of training lasting 5 min to chronic training lasting 30 min per session, three times per week for 9 months). Compared with the dose of LPA typically performed in adults, it could be argued that this volume of LPA is not sufficient to promote favorable adaptations in the examined biological markers. The current study found LPA to be the main PA determinant of IGM among individuals with normal weight and 953 yr of age. The decision tree split on LPA with a cut point of 92 hId j1 , which was associated with a 22% lower IGM prevalence compared with the same subset engaging in less daily LPA. Given the amount of time adults, especially the middle-age and the elderly, spend in light-intensity activities, this finding may have important implications for PA interventions. Such evidence could underpin recommendations regarding lightintensity activity in future PA guidelines and inform interventions targeting light-intensity activity among the elderly for whom MVPA may present challenges. Therefore, future studies should attempt to elucidate the effects of LPA in elderly populations because activities of light intensity may be more readily attainable, easier to promote, and more common than MVPA in middle-age and elderly populations.
Moreover, studies have been consistent in identifying SED-time as a distinct health risk, even independently of meeting PA guidelines (21) . The overall PAL in our study population was low. Median PAEE was 30 kJIkg j1 Id j1 . In a healthy Danish population (mean age, 58 yr), the median ActiHeart-assessed PAEE level was found to be higher (,40 kJIkg j1 Id j1 ) (27) . In a PA calibration substudy, the validity of a four-category PA index in 1941 participants of similar age and sex to those in the ADDITION-PRO study was examined using a combined movement and heart rate sensing. Results suggest that the average PAEE values across categories of PA were as follows: inactive, 36 kJIkg 
Id
j1 (15) . In addition, although our study population accumulated a median of 46 minId j1 of MVPA, they also spent a median of 12.3 h being sedentary while awake. When excluding time spent sleeping (6.7 hId j1 ), 70% of the time was spent sedentary while awake (e1.5 METs), 26% of the time was spent with light-intensity activities (91.5-3.0 METs), and only 4% was spent in MVPA (Q3 METs). When summing up the contribution of these fractions of time spent across the PA intensity continuum to PAEE, it becomes apparent that the MVPA contribution is low resulting in an overall low total PAEE of 30 kJIkg (14), more than 80% of the participants did not meet the PA recommendations. Finally, estimated median PAL was 1.51, which classifies the study population_s lifestyle as sedentary (PAL value, 1.40-1.69) (18) . These findings mirror reports stating that even adults who meet PA guidelines spend a large proportion of their day engaged in sedentary behavior (21) . Such high levels of sedentary behavior may coexist with a high total level of PA and may be associated with an increased risk of a variety of health problems (21) . However, a recent metaanalysis concluded that high levels of moderate-intensity PA (i.e., about 60-75 minId j1 ) seem to eliminate the detrimental effects of SED-time (16).
We found SED-time to be adversely associated with IGM in a subset of overweight women. A 19% higher IGM prevalence was found among overweight women who were sedentary for more than 13 h compared with those with less SED-time. These findings could imply that reducing SEDtime in this risk group and increasing overall PA, even if it is less than the recommended guidelines, could result in important health benefits in terms of IGM risk. This suggestion is in keeping with recent studies that found that replacement of sedentary behavior with either LPA or MVPA showed beneficial associations with risk factors related to adiposity (BMI) and glucose metabolism (plasma insulin, A-cell function, and insulin sensitivity) (10) . In addition, prolonged sitting interrupted by even brief (e5 min) bouts of standing every 20-30 min have been shown to improve glycemic control in sedentary overweight/obese populations and in women with IGM (25) . Neither the dimensions of PA that we modeled nor SED-time was associated with IGM in normal-weight individuals e53 yr old. Some reasons for this could be that this subgroup was too small to be classified further by any activity determinant and/ or individuals in that subgroup show homogenous PA patterns that do not allow for any activity dimension to discriminate between mutually exclusive subgroups.
Strengths and Limitations
A key strength of our study was the use of a large sample of middle-age and older adults with elevated Type 2 diabetes risk, in whom PA and SED-time were measured objectively using a combined accelerometer and heart rate monitor. This has been shown to be a highly accurate method for assessing PA (5) . In addition, all measures were either individually or group calibrated. Thus, our estimates of the amounts and intensities of PA and SED-time are more accurate than data based on selfreport, solely accelerometry, or solely heart rate-based measures. Furthermore, the use of a combined accelerometer and heart rate monitor enabled us to examine and quantify associations of several measured PA and SED-time variables with IGM. Median wear time in our study population was 6.9 d with on average 17 waking hours per day, and 81% of our study population provided at least 6 d of data.
Another strength of the study was our innovative decision tree analysis approach. This is the first study of which we are aware to use explorative decision tree modeling of PA data to segment a population by risk of IGM. Only a handful of studies have used decision tree methods to classify and study healthrelated outcomes (38) . Decision tree analysis can identify groups that are similar in outcome and determinants and has the ability to detect interactions without having to make a priori decisions about which interaction terms to include. Although much previous research on PA and SED-time has not focused on interaction terms, the present results suggest that interactions may be highly informative. Unlike traditional regression analyses that include only main effects or interaction terms specified a priori by researchers, our analyses allowed for the examination of more complicated interactions that may have not been hypothesized to be important on the basis of the existing research. Our results suggest that classification may be enhanced by systematic evaluation of determinants from multiple dimensions of PA and in combination with one another. Specific PA intervention targets can be identified if we take interactions of factors into account.
This study was not without limitations, including the inherent limitations of the decision tree methodology. In decision tree analysis, variables are selected on the basis of mathematical conditions, often with different thresholds at different levels of the tree. This can be confusing for the interpretation of findings, because the ''split'' level of the tree on a certain variable may not be an important, validated, or generalizable cutoff. Another constraint is collinearity between the modeled PA dimensions. As with all methodological approaches to prediction and classification, the use of highly correlated variables in such models increases the likelihood that different solutions may be obtained across samples. In a decision tree analysis, the variables retained by the model may not be the only significant ones but the most significant ones. However, collinearity is a bigger concern with the use of conventional regression models where correlation makes the estimated regression coefficients more difficult to interpret and increases their variability. One way to test if multicollinearity is a serious concern in a decision tree analysis is to remodel it without one of the correlated variables and see which other variables are selected in their place (see Furthermore, the overall PAL was low to very low in the ADDITION-PRO population, and our findings therefore only apply in similar sedentary high-risk populations for Type 2 diabetes. However, MVPA levels in our population may be slightly higher than what would have been expected. Some methodological differences may explain discrepancy between our and other studies in observed MVPA levels. We quantified and captured all minutes of MVPA throughout the day for 7 d using a combined heart rate and accelerometer. Other studies in individuals at high risk for Type 2 diabetes have typically used self-report measures that have only lowto-moderate correlation with objective measures and subject to recall bias (33) . Alternatively, studies that have used solely accelerometry also show lower MVPA levels in somewhat similar populations to ours (13) . However, the limitations of accelerometry are primarily biomechanical. Their validity in assessing moderate intensity of different activities is dependent on the type of activity performed. The accelerometry-PA intensity relationship during activities (such as walking on the level and incline; when running, stepping, and cycling; and during load-bearing activities) is highly variable. This may be due to the inability of accelerometers to detect increased energy cost from upper body movement, load carriage, or changes in surface or terrain (23) . Because combined heart rate and accelerometry yield more precise measures of MVPA compared with either method used alone, we might have captured more complete and precise measures of MVPA (4, 5) . Taken together, this may explain the higher levels of MVPA measured in our population. Also, we included individual PA recordings ranging from Q48 h to 7 full days, mostly representing both week and weekend days. Ideally, more days of objective recording would have been preferable to better capture variations in PA during the week, and more reliable estimates of habitual PA could have been obtained. This is significant especially for metrics such as MVPA bouts of Q10 min that may rarely occur in a population as ours and therefor may not be captured with a cut point for valid PA data of Q48 h. However, our large-scale clinical epidemiological setting made objective measurement of PA for more than 7 d unfeasible. Nevertheless, as stated, our study population was particularly adherent to the PA measurement protocol because more than 80% provided more than 6 d of PA measures, which from a clinical epidemiological perspective is rather satisfactory.
Moreover, considerable study population homogeneity (due to narrow age range and a low proportion of participants with low Type 2 diabetes risk) exists in the ADDITION-PRO study. This is reflected by the relatively small albeit significant differences between the NGM and IGM groups in PA dimensions (Table 1 ). Nevertheless, we were able to detect significant associations between different PA dimensions and IGM at subgroup level with a decision tree approach. These may not a have been found with the use of conventional statistical methods such as comparisons of means/medians and regression models because higher-order interactions are cumbersome to model and interpret in regression models. Second, because our study is exploratory and cross sectional, the findings need to be replicated in other data sets and tested in prospective cohorts or intervention trials. Nevertheless, empirical findings of exploratory analyses can stimulate the generation of new hypotheses and inform subsequent theory. As such, the findings from this study may have important methodological and public health implications. Finally, measurement of glucose in plasma of fasting subjects is widely accepted as a diagnostic criterion for IGM (40). However, because of day-to-day variations in the 2-h plasma glucose after an oral glucose tolerance test, there might be a risk of misclassification in relation to our outcome measure.
A position statement of the American Diabetes Association on PA and Type 2 diabetes specify PA recommendations for individuals at high risk or with IGM (12) . The statement stresses that because PA recommendations may vary depending on individual characteristics and health status, they should be tailored. At the present time, Danish PA recommendations for individuals at high risk for or with Type 2 diabetes are not different from those for the general population. This study provides novel objective evidence that in specific subgroups of individuals at risk for Type 2 diabetes, different dimensions of PA and SED-time may have stronger associations with IGM than, for example, those of MVPA. Diabetes prevention programs that concentrate solely on MVPA may overlook and limit the potential benefit of other dimensions of PA (e.g., reducing SED-time and promoting LPA) that are of importance to Type 2 diabetes prevention.
This study found implications for reducing time spent in sedentary behaviors and increasing time spent in both LPA and MVPA in terms of a beneficial impact on glucose metabolism status. Importantly, these dimensions of activity were specific to sex, age, and obesity characteristics. Given the limitations of the cross-sectional design, this study should not be used to confirm a causal link between PA, SED-time, and IGM but should inform further research in high-risk populations to refine future PA and sedentary behavior interventions aimed at Type 2 diabetes prevention.
